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What is a PLC?

SIEMENS)




Definition of a PLC

- A programmable logic controller
(PLC) is a digital computer used for
automation of electromechanical
processes, such as control of
machinery on factory assembly lines,
amusement rides, or lighting
fixtures.



PLC in general
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Basic PLC operation
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Advantages and Disadvantages of PLC

Advantages of programmable logic controller (PLC)

Smaller physical size than hard-wire solutions.

Easier and faster to make changes.

PLCs have integrated diagnostics and override functions.
Diagnostics are centrally available.

Applications can be immediately documented.
Applications can be duplicated faster and less expensively

Disadvantages of programmable logic controller (PLC)

Upgrading issues.

There are limitations of working of PLCs under high
temperature, vibration conditions.



Inputs / Sensors
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Technology Sensing Applications Target materials
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Outputs / Actuators
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Input / Output scheme
DC Input Module
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Input / Output scheme
AC Input Module




AC Input Module
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Output Module




Output Module

7 ACINPUT
MODULE

Cil,

-®
FIELD DEVICE
COIL

~7

00—
01 -G
02—

__6_8
04 O——
0sS—@P—
06 ©—@p—
07 O—@h—

__ ©2© )
TERMINAL BOARD

" — — — — — — — — — — — —— W— —— W—— W— — — — —

v FROM CPU ¢



(CPU)
( Central Processing Unit)




CPU

* The central processor unit (CPU) is a
microprocessor system that contains the
memory of the system and is the PLC decision
making unit. The CPU monitors the inputs and
makes decisions based on instructions held in
the program memory. The CPU performs relay,
counting, timing, data comparison, and
sequential operations.



Memory of the PLC System

‘ Volatile K):L,, MEMORY }:{} Non-VoIatiIe’
- ~

ROM
PROM programmable read-only memory
erasable programmable read-only memory

eerroM | electrically erasable programmab
read-only memory

RAM: Random-access memory is a form of computer memory
that can be read and changed in any order, typically used to store
working data and machine code.

ROM: Read-only memory is a type of non-volatile memory used
in computers and other electronic devices. Data stored in ROM
cannot be electronically modified after the manufacture of the
memory device.



Memory of the PLC Applications

Data Table Area >

User Program Area>

Data Table Area: The numbers (values), time, and variables are stored, adjustable
and monitored.

User Program Area: We only put the program that we want to design



Basic programming elements

1. Real Signals.
2. Software Signals.
3. Software Functions.

Real Signals.

Consist of:

1. Digital input signals (l)

2. Digital output signals (Q)
3. Analog input signals (Al)

4. Analog output signals (AO)
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PLC Programming Languages

PLC Programming Languages




PLC Programming

Languages
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Programming using the Ladder Diagram language

LD ( Ladder Diagram)
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LD ( Ladder Diagram)

Ladder logic is a PLC programming language. It is really called ladder diagram or just LD,
but most people refer to it as ladder logic. There’s a very simple reason for its name.
Ladder logic is made of rungs making what looks like a ladder.

0001 T 1t pr—



Ladder Logic Programming with
Instructions

Each symbol in ladder logic is an instruction.ce= »! s bl ghidl & W%, S

Symbols of Ladder Logic languages

The programming language of the ladder logical for PLC unit consists of a set of symbols that are used to
represent the controls and instructions. We must know that these symbols are not physical elements but
rather a software program, as follows:

E ES;I\S\ ﬂmmemjy)\waww@)mﬁww\ Q\AS;MJ\DJ;}S@L;A\?SJD@JJ\MUJSL
(SIS (A Sl g 0o Bk (& drdnbid sealie Cund §se )l o () alad O a5 Claylal
True

Lanhs 4 giaddl Glueldl (NO) Normally Open Contacts *l’ % % contact

True NC contact

Lapk daliall <Dl -( NC) Normally Closed Contacts { %/ %



Symbols of Ladder Logic languages
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Applications

Ladder Logic Programming

Operating a load from two different points.
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Applications

Operating a load from four different points.
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Applications

Operating a load from different points.
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On-Delay and Off Delay Timer
Using Ladder Programming Language
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Counters
Using Ladder Programming Language
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AND function

Alook at the circuit diagram shows that the light H1 is only on when
S1 and S2 and S3 are closed. Input and output states are dependent s1
on each other.

—

The circuit to the right is called AND logic. S2
In words contact S1 and S2 and S3 have to be closed for the light to

.

burn. S3
Integrated Symbol for this connection is ’ﬁ
functions "
AND Series circuit
o g normally open
SX3: Logic table for AND block:

Input 1 Input 2 Input 3 Output
0 0 0 0

Output of the AND function is 1 only
when all inputs are 1.

If one input pin of this block is not
connected, the status is automatically 1.

SN R =1 =]]=)
Rl |lo|lo]l-|~]o
Rlolr|o]|~|o]-
R|lo|lo|lolo|o]o
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OR function

To turn the lamp H2 on, the contact S1 or S2 or S3 have to be
closed. The dependence of output states from inputs states is 51\ 52\ 53\
called OR logic.

In words at least one of the contacts S1 or S2 or S3 have to be
closed for the lamp H2 to light up.

Symbol for this connection is B2} . H2
Integrated
functions .
Parallel circuit
OR normally open contact
Sl—y >
S2— T | _h2
S3 —
X = Logic table for OR block:
Input 1 Input 2 Input 3 Output
Output of the OR function is 1, when at D D g g
least one input is 1. 0 0 1 1
If one input pin of this block is not 0 1 0 1
connected, the status is automatically 0. 0 1 1 1
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1
Logic module LOGO! I IA AS FAPS4

© Siemens AG 2009 - Subject to modifications
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AND with edge triggering

s1\ s1 L

82\ Electro mechanical counter

ECEE
Integrated 83\
functions | S3

o]
H2 @:::::‘."rO H 2

AND with edge triggering

Sl— g# Output of AND with edge triggering is 1, only when all
S2 — B inputs are 1 and in the previous cycle at least one

S3 —] input was 0. If one input pin of this block is not

X — connected, the status is automatically 1.




NAND (not-AND) function

Integrated
functions

A look at the circuit diagram shows that the light H2 is not on,
only when all contacts are switched.
The circuit to the right is called NAND logic.

In words S1 and S2 and S3 have to be switched for the light H2

not to burn.
Symbol for this connection is

Output of NAND is 0, only when all
inputs are 1.

If one input pin of this block is not
connected, the status is automatically 1.

SIEMENS

S1 S2 S3

_/I—
_/I—
—/I—

H2

Parallel circuit
normally closed
contact

Logic table for NAND block:

Input 1

Input 2

Input 3 Output

0

0

0 1

SN Y 5 [=] [=] [=]

Plrlolol-|r]|o

=1 =] =1
olkr|k|rkr|k|~]|~
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NAND (not-AND) with edge triggering
J S3

s1 \J 53\ - S1

£ S2
H2 Q‘:‘r‘p
Integrated
functions S

Electro mechanical counter

]

H2
NAND with edge triggering Output of NAND with edge triggering is 1, only when
si— gl at least one input is 0 and in the previous cycle all
S9 — inputs were 1.
S o If one input pin of this block is not connected, the
- status is automatically 1.
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NOR (not-OR) function

A look at the circuit diagram shows that the light H1 is only on,

when the normally closed contact S1 and S2 and S3 are not S1
switched.
The circuit to the right is called NOR logic. 52
In words when S1 or S2 or S3 are switched, the light is not on.
Symbol for this connection is . -
Integrated
functions H1,
NOR
S1— >1 Series circuit
S2— o normally closed
S3 — contact
p—
Logic table for NOR block:
Input 1 Input 2 Input 3 Output
0 0 0 1
Output of NAND is 1, only when all inputs 0 0 L 0
are 0. As soon as any input is switched 0 1 0 0
(status 1), the output is switched off. If one 0 1 1 0
input pin of this block is not connected, the 1 0 0 0
status is automatically O. 1 0 1 0
1 1 0 0
1 1 1 0
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XOR function

A look at the circuit diagram shows that the light H1 is only on,
when only one of either S1 or S2 is switched.
This circuit is called XOR logic.

In words when either contact S1 or contact S2 are switched, the

light is on.
Symbol for this connection is
Integrated H1
functions
S XOR
s1i— =1

— H1
S2 —

Logic table for XOR block:

Input 1 Input 2 Output
Output of XOR is 1, when inputs have 0 0 0
different states. 0 1 1
If one input pin of this block is not
connected, the status is automatically 0. 1 0 1
1 1 0
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NOT function

A look at the circuit diagram shows that the light H1 is only on, |

when the switch S1 is not switched. st \

This circuit is called NOT logic.

Symbol for this connection is .

K1 | /: I:::::::::"
Integrated H1
functions NOT ﬁ@
1
S1— [ A

Output is 1, when the input is 0, i.e. NOT inverts the status Logic table for NOT block:
at the input. Input 1 Output
The advantage of NOT is for instance: You will not need a

normally closed contact any more for LOGO!. You can use a 0 1
normally open contact and change it with NOT to a normally 1 0
closed contact.

If the input pin of this block is not connected, the status is
automatically 1.
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Week 5: Timers
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Special functions - overview

Timer
[t On-delay On-/ Off-delay g oriive
Il ! I On-delay
functions i R Il I
L IT
Il
Wiping relay Pulse generator
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I1 Edge triggered ‘n_uu| Random
Ji wiping relay generator
1 IL
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...... h @ timer
fid b
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Timer — On-delay

Integrated
functions

A look at the circuit diagram shows that the motor only starts after | |
expiry of the delay time. S1 K1

This function is called On-delay.

In words the motor will be switch on with a programmed ON delay
time.

K1
Symbol for this function is .

Diagram:

Trg 4 L " | |
Par I oo~ |

Ta—
(Timer active)

Description of the function:

With 0 to 1 transition of input Trg the timer starts. If the status of input Trg is 1 for long
enough, the output is set to 1 on expiration of the time T. The output follows the input with

on delay. The output is reset to 0 when the status at input Trg is O.
If the status of input Trg changes to 0 before the time T has expired, the time is reset. The
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Timer — Off-delay

Integrated
functions

A look at the circuit diagram shows that the motor only stops after
expiry of the delay time.

This function is called Off-delay.

In words the motor will be switch off with a programmed OFF delay
time.

Symbol for this function is

Diagram:

Tre— _I—l_l |—|
e LT
R

Q] [ —

(Timer active)

il§

Description of the function:

When the input Trg is 1, the output Q is switched instantaneously to 1. When the status of
Trg changes from 1 to O, the timer will be activated. The output remains set. When the timer

reaches the configured value (Ta=T), output Q is reset to 0. When input Trg is switched on
and off again, the time Ta restarts. Input R (Reset) is used to reset the time Ta and the
output before Ta has expired.
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Timer — On-/Off-delay

A look at the circuit diagram shows that:

v when S1is closed, contact K1 closes with a delay sl \ STEN
time and the motor runs.

when Sl is opened, contact K2 opens with a delay

K2)-

time and the motor stops.
K1

Integrated This function is called On-/Off-delay. In words the motor is & Kz-
functions switched on and off with a programmed delay time.
Diagram:
Try - L q 9
Far - 1L TH_| |
TL

Description of the function:

The time TH starts after a 0 to 1 transition at input Trg. If the status at input Trg is 1 for the
duration of the time TH, the output is set to 1 on expiration of the time TH.

(the output follows the input on delayed). When the status at input returns to O, TL starts. If
the status at input Trg is O for the duration of time TL, the output is set to 0 on expiration of
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Timer — Retentive On-delay

A look at the circuit diagram shows that the motor M starts I I
delayed after pressing the pushbutton S1. Pushbutton S2 K2+
(n.c. contact) stops the motor again.

This function is called retentive On-delay.

Symbol for this connection is

Integrated
functions

Diagram:
TrgJ_l _l H

R

T

Description of the function:
The current time Ta starts with a 0 to 1 transition at input Trg. Output Q is set to 1 when Ta

reaches the time T. The output Q is only reset to O when the status at input R is 1. Further




Timer —Wiping relay (pulse output)

A look at the circuit diagram shows that the light H1 is only on,
when the switch S1 is closed, but only as long as the set time at
timer T1.

Symbol for this connection is

SIEMENS

s1 I-\I

TlG---

Integrated
functions
Diagram:
Tr’g _J_L Trg __]
Par L[~ © ]
Q

Description of the function:

When the input Trg is set to 1, the output Q is immediately switched to 1. The current time
Ta starts in LOGO! at the same time and the output remains set. When Ta reaches the value

specified in T (Ta=T), the status of output Q is reset to 0 (pulse output). On input Trg
transition from 1 to 0 before the specified time has expired, the output follows immediately
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Timer — Edge triggered wiping relay

Alook at the circuit diagram shows that the light H1 remains on I\I -
Sl s

for the time specified on the timer T1 when the switch S1is

|~

closed.

Symbol for this connection is : T1C

T1 H1
Integrated

functions .
Diagram:
Trg __l _I__l

Ta —

g

Description of the function:

The output status is switched to 1 after the input Trg is set to 1. Time Ta is started at the
same time. After Ta has reached the value specified in T (Ta=T) the output Q status is reset

to O (pulse output). If input Trg changes again from 0 to 1 (retriggering) before the specified
time has expired, the time Ta is reset and the
output remains switched on.
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Timer — Weekly timer

The output is controlled via a specified on—/ ii“ﬁ Timer] i E_

off-date. The function supports any General| Cams 1| Cams 2| Cams 3| Comment)

combination of weekdays. You select the
active weekdays by deselecting the inactive

e Monday E-REl-

—weekday——————— ~On Time

Tuesday
Off ] Wednesday

On
Integrated cam1 XX XTI | : 16 05 [v] Thursday O Time——————————

: |
functions -

cam2 [ [ IXI T [ [ ] [o8]:[oo] 1200 = 5] 5 ]
cams|[ [ [ T | TXIX 12 30 —— [] Disabled

- [] Disabled
Mon TueWedThurs Fri Sa So

Wednesday i DK ” Cancel H Help ]
TR

Description of the function:

Every weekly timer has three cams.
You can configure a time hysteresis for
each cam. Within the cam setting you
specify the on/off times.

If you enable “pulse output”, the timer
will be reset after one cycle. “Pulse
output” applies to all three cams.
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Timer — Yearly timer

Description of the function: m
Every yearly timer has an on- and off-timer. At the :cmllm
specified on-time the yearly timer switches on the output. — ot Tne
At the specified off-time the yearly timer switches off the Month.Day Month.Day
output. The off-date specifies the day/year on which the [ o2l . [s2l B[] =2 [o2
output is reset to 0 again. ~on Year Off vear
IR By selecting the option field e e
functions .r-XMontth”g,l the tirr:1er switches on or off at a specified EZ-L Bz
day each month.
*“Yearly”, the timer switches on or off each year at a ™ Hend e
specified month and day.
+“Pulse Output”, the timer output switches on at the e [ Rt
specified On Time for one cycle. Then it is reset. [ok | coamcel | rwep |

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

On 05.10 Off 10.20

15.05.2005

08.11.2005
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Timer — Asynchronous pulse generator

The pulse profile of the output can be
customized via pulse/ pause ratio.

Symbol for this function is

Diagram:

Integrated

functions En J |_
En ] Inv |

mar o TLLIUTUTL

pulse period / pause width

Description of the function:
In the parameters you can adjust the pulse period and the pause width. With input INV you

can also invert the output. You can customized the time period in seconds, minutes or
hours. The time basis of both parameters can be set independently. The input block INV
only negates the output if it is enabled via EN.




Integrated
functions

SIEMENS

Timer — Random generator

With a random generator the output is
switched on and off again within a specified

time.
Symbol for this function is

Diagram:

7]

max. ON delay / max. OFF delay

Description of the function:

With a 0 to 1 transition of the input En a random time e.g. between 0 and 10 seconds is
started. The output is set to 1 on expiration of the on delay time, if the input Enis 1 at

least for the duration of the on delay time. The time is reset if the status at input En
returns to O before the on delay time has expired. When the input En changes from 1 to
0, arandom off delay time between 0 and e.g. 15 seconds is started. The time is reset if
the status at input En returns to 1 before the on delay time has expired.
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Timer — Stairway lighting switch

The input pulse (edge control) starts a
specified time. The output is reset on

expiration of this time. Prior to the expiration Diagram:

of this time (e.g. 15 s) an off pre—warning is

generated. Trg __| [

Symbol for this function is . . .I_
Integrated Ta — L T (OFF delay)
funCtlonS Q . }4. ..... 1SI_

Trg | —
1

Far —

Description of the function:
With a 0 to 1 transition at input Trg, the current time starts and the output Q is set to 1. E.g.

15 s before Tareaches the time T, the output Q is reset to 0 for atime of 1 s (configurable
time). When Ta reaches the time T, the output Q is reset to 0. When input Trg is switched on
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Timer — Multiple function switch

Switch with two different functions:
v Pulse switch with off delay

v Switch (continuous lighting)

Integrated .
functions Diagram:
Tro {TL1 N
R A F o
L ; L L
F'E|r N 5g |4 >20s-9

Description of the function:

The output Q is set to 1 with a 0 to 1 transition of the status at input Trg. When the input Trg
changes to 0 before expiration of the continuous lighting time, the output resets to 0 with
an off delay of e.g. 5 seconds. With a 0 to 1 transition of the status at input Trg and if the

status ’1’ is set at least for the duration of e.g. 20 seconds, the continuous lighting function

is enabled and the output Q is
switched on continuously. If the input Trg is switched once again from 0 to 1 and again to
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Special functions - overview

Counter
Up/Down
Integrated counter Threshold trigger
functions ‘a Hours N
+/- counter mn
I

I




SIEMENS

Counter — Up and Down counter

A look at the circuit diagram shows that the switch S1 triggers the counter pulses. Switch

S2 determines whether the counter increases or decreases. When the counter status
reaches a value >=5, the light switches on.

Diagram:

Integrated
functions

Cnt S1|

tnt 47, T .

Description of the function:

With every positive edge at input Cnt the internal counter increments (Dir = 0) or
decrements (Dir = 1) by one count. Output Q is set to 1 when the internal value is greater

than or equal to the value specified in Par. You can use reset input R to reset the output and
the internal count value to the start value. When R=1, the output is 0 and the pulses at input
Cnt are not counted.

If you set a “Start Value” the counter begins to count either up or down from this value.
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Counter — Hours counter

R N
En | L
Ral
F - M
Integrated En - I - ) Q roow R
functions Fal 1|
FIEII-' — MN = MiI
MN =0 l|0 }
oT

v

Description of the function:

The hours counter monitors the input En. As long as the status of this input is 1, LOGO!
determines the expired time OT and the time—-to—go MN. LOGO! displays the times in

parameter assignment mode. Output Q is set to 1 when the time-to—go MN = 0. Use input R
to reset output Q and time—to—go counter to the specified value MI. The internal counter OT
continues the count. Use input Ral to reset output Q and the time—-to—go counter MN to the
specified value MI. The internal counter OT is reset to O.
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Counter — Threshold trigger

Integrated
functions

The output is switched on and off, depending _
on two specified frequencies. Diagram:

Fre>0On Fre > Off Fre < Off Fre <On

o | L

Fre=12Fre=5 Fre=3 Fre=5

Fre | ]

i€ gate i

FI"E — ""ﬂ"" time
Far - | | — [ On = 10 Off = 4

Description of the function:

The threshold trigger measures the signals at input Fre. The pulses are captured across a
specified period (gate time).

Output Q is switched on, if the value measured within the gate time is higher than the ON
threshold. Q is switched off again when the threshold drops below OFF.

On . is the ON threshold. It may be between 0000 and 9999.

Off . is the OFF threshold. It may be between 0000 and 9999.

Gate time: is the time interval during which the pulses at Fre are measured.
It may be 00.05s and 99.99s.
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